Introduction ▼
It is still debated whether the use of snack-food throughout the day could be included in a healthy nutritional regimen [1] . Although Western societies exceed in over-intake of any sort of food, resulting in a constant rise in obesity and type 2 diabetes [2, 3] , the deleterious eff ects of snacks on increased hunger are still under examination [2] . The negative connotation of snack food usually arises from the notion of excess of calories accompanied by low nutritional values, therefore leading to an unbalanced energy intake with serious consequences especially among adoles-
The last decade has seen much debate on ghrelin as a potential target for treating obesity. Despite a close connection between snack food intake and obesity, snacking is controversially reviewed as a good habit in a healthy nutritional regimen. The aim of the study was to evaluate whether a diff erent nutrient composition infl uences postprandial ghrelin levels and glucose increments induced by 6 isoglucidic snack food. 20 healthy individuals (10 M / 10 F; BMI 23.1 ± 0.5; age 33 ± 0.67 years, mean and SE) from H San Raff aele Scientifi c Institute and Milan University were enrolled. The subjects underwent OGTT (50 g) and 6 isoglucidic test-meal loads to assess the ghrelin circulating levels and the area under glycemic curves induced by 6 commercial snacks.
3 h after hazelnut chocolate intake, ghrelin was signifi cantly lower than with wafer chocolate intake (p < 0.002). As a response to all snacks, the glycemic curves were not diff erent even though hazelnut chocolate showed the lowest glycemic curve. Moreover, snack fat content was found to be inversely correlated to 3-h plasma ghrelin levels (p < 0.0001; R 2 = 0.77) and positively associated with satiety scores (p < 0.02; R 2 = 0.28).
Also energy load was inversely correlated to 3-h plasma ghrelin (p < 0.0001; R 2 = 0.73). Our results indicate that snack food administered in equivalent glucidic loads elicits postprandial ghrelin suppression and satiety ratings in diff erent ways. Further studies are needed to elucidate the role of ghrelin as hunger-hormone in the regulation of energy balance. Downloaded by: Ospedale S. Raffaele. Copyrighted material.
diet-induced obesity by modulating lipid metabolism [14] . According to the International Obesity Task Force [15] , there is a low correlation, if any, between confectionery and obesity, indicating only a marginal role played by confectionery in daily caloric intake across Europe [16] . While in the last 2 decades much discussion had arisen about the eff ects of high energy meals or diets on metabolism and health, the specifi c metabolic mediators of these eff ects are still poorly understood [17, 18] . Among the metabolic responses determined by food, some hormone profi les reveal interesting information on energy balance regulation. Ghrelin, for instance, is an orexigenic hormone primarily synthesized by the enteroendocrine cells of the stomach [19] and it seems to be involved, along with leptin, in the management of the metabolic balance [20, 21] . It is a 28-amino residue peptide engaged in a wide spectrum of pleiotropic actions, consistent with broad distribution of ghrelin receptors in central and peripheral tissues. Circulating ghrelin levels are negatively associated with food intake, glucose, insulin, and somatostatin, whereas ghrelin levels are increased by fasting and energy restriction [22 -26] . Indeed, human studies have found a preprandial rise and postprandial decline in plasma ghrelin levels of putative gastric origins, suggesting an implication in energy homeostasis [23, 27] . In other words, ghrelin could promote weight gain and adiposity through its metabolic actions: increasing appetite on the one side, and decreasing energy expenditure and fat catabolism on the other [28] . As a metabolic mediator, ghrelin might therefore be considered as an important biomarker of food-response and satiety.
To investigate the glycemic and hormonal responses elicited by 6 common commercial snacks, normal young volunteers undergoing glucose oral-and isoglucidic test-meal loads were studied. The impact of snack food with an equal amount of carbohydrates on postprandial ghrelin suppression was evaluated. 
Subjects and Methods

Study protocol
This randomized study was carried out at the Nutrition and Metabolism Unit of San Raff aele Scientifi c Institute (Milan, Italy). After overnight fasting, the subjects were admitted to hospital at 08:30 -09:00; they rested in a supine position for about 10 min. After that, an indwelling catheter was inserted in an antecubital arm vein. During the preliminary examination, 20 subjects drank an aqueous solution of 75 g of glucose to determine plasma glucose (OGTT) and basal lipid profi le (HDL, LDL, TG, FFAs). If the results matched the inclusion criteria, in the subsequent sessions the volunteers were to take a 50 g glucose load or a corresponding carbohydrate portion of 6 snack-meals. Each meal was eaten in a randomized order on separate days ~ 2 weeks apart, to ascertain lipidemia, plasma glucose, and plasma hormone profi le.
Blood samples
After fasting, blood samples were obtained (0 ′ ). The subjects received either a test meal or 50 g glucose. Hence, additional blood samples were taken at 15, 30, 45, 60, 75, 90, 120, 180 min after the meal.
Snack food meals
All snacks ( • ▶ Table 2 ) were administered at ~ 09:00 h and eaten for breakfast within 10 min.
Analytical methods
The total amount of blood drawn for each test was about 22.5 ml for each participant. All blood samples were placed on ice until plasma or serum was separated by centrifugation at 4 ° C (within 1.5 h from sampling). All plasma and serum aliquots were frozen at − 60 ° C for later analysis. All the samples were measured in duplicate. Plasma glucose was measured at the bedside with a glucose analyzer (Beckman Instruments, Fullerton, CA, USA).
Aliquots of blood for measurement of ghrelin were collected in test tubes containing EDTA; all the samples were kept in ice and the plasma prepared by centrifugation at 4 ° C within 1.5 h from sampling. The ghrelin level was measured through the enzyme immunoassay method (LINCO Research Inc., St. Charles, MO, USA). Free-insulin was dosed by a highly specifi c 2-site monoclonal antibody-based immunosorbent assay (ELISA; Dako Diagnostics, Cambridgeshire, UK). The lipid profi le and FFA were measured through the immunoenzymatic technique [29] .
Satiety
A 100 mm linear visual analogue scale (VAS) was used to assess the volunteers ' subjective feelings of satiety [30] . Subjects were instructed to rate both their fullness and hunger at 0, 30, 60, 90, 120, and 180 min from the meal assumption by making a single vertical mark on a scale ranging from the most negative to the most positive score (e. g., from " not hungry " to " hungry " ). The satiety scores were then plotted against time for each experiment.
Statistical analysis
The incremental area under the glucose and insulin concentration curves, the 3-h plasma ghrelin concentration, and the 3-h satiety score were used as summary measures of the metabolic responses resulting from the intake of either glucose or one of the 6 snacks. The incremental area under the curve ( Δ -AUC) was calculated as the diff erence between the total area under the curve and the product of the basal, pretest concentration time during the experiment (i. e., 180 min). The equality of the means for the increment of glucose and insulin concentration, and for the 3-h plasma ghrelin concentration (continuous variables) in the 6 snacks (glucose was not considered) were tested using repeated measures ANOVA followed by the Newman -Keuls test for multiple pairwise comparisons (an α level of 0.05 was chosen). In order to assess possible evidence of a diff erence in the 3-h satiety score (an ordinal variable) among the 6 snacks, Friedman ' s rank test was performed followed by Dunn ' s test for multiple pairwise comparisons (an α level of 0.05 was chosen). The study of the relationships between the fat content of the snacks and the 3-h satiety score, the caloric load of the snacks and the 3-h satiety score, as well as the fat content of the snacks and the 3-h plasma ghrelin concentration entailed the analysis of repeated observations from several subjects and could not be performed through simple regression. These data were analyzed using multiple regression as suggested in Bland et al. [31] . The analysis consisted in fi tting parallel lines through each subject ' s data. The common regression slope was reported together with the correlation coeffi cient (obtained from the squared root of the coeffi cient of determination provided by the multiple regression) and with the p-value obtained from the F-test in the associated ANOVA table.
Results
▼ Subjects
The demographic data are summarized in • ▶ Table 1 . All subjects (10 males and 10 females) were healthy and lean (body mass index 23.1 ± 0.5 kg / m 2 ), and had a normal response to the oral glucose tolerance test. The subjects reported no diff erences in activity levels prior to each test day.
Plasma glucose
Fasting plasma glucose was similar and within the normal range in all subjects (4.43 ± 0.07 mmol / l). During the 50 g OGTT (A), plasma glucose level peaked at 60 min (5.69 ± 0.32 mmol / l vs. baseline; p < 0.0002) and dropped signifi cantly below the baseline after 3 h (3.96 ± 0.21 mmol / l vs. baseline; p < 0.01). After snack B intake, plasma glucose concentration at 60 min was slightly lower than the basal condition (4.27 ± 0.19 mmol / l vs. baseline 4.6 ± 0.1 mmol / l, p < 0.05). However, baseline was progressively restored at 180 min (4.52 ± 0.1 mmol / l vs. baseline 4.6 ± 0.1 mmol / l). The glucose peak was not statistically diff erent in all snack meal, only during OGTT the peak was higher than all other meals (p < 0.01).
Areas under glycemic curves (AUC_glu)
The areas under the curve (AUC) were calculated from 0 to 180 min for glucose. The areas under the glycemic curves were disparate for all snacks. In particular, the Δ -AUC_glu of snack B was defi nitively lower than the one obtained during the OGTT (p < 0.05), whereas other incremental curve ' s values were not signifi cantly diff erent ( • ▶ Fig. 1a ).
Plasma Insulin and Areas under the insulinemic curves (AUC_ins)
The basal plasma insulin was similar in all subjects (36.46 ± 4.01 pmol / l). After ingestion of all snacks, the insulin levels peaked signifi cantly at 60 min from the mean basal condition (p < 0.001). The insulin peak of snack G was lower with respect respect to snacks D and F (p < 0.05 and p < 0.03, respectively). The delta areas under the insulin curves ( Δ -AUC_ins) after ingestion of snack G showed a trend to be lower than those of snack D (p = 0.07) and F (p = 0.08) ( • ▶ Fig. 1b ).
Ghrelin
Plasma ghrelin was within the normal range in the basal condition (248.5 ± 5.2 pg / ml) in all subjects after an overnight fast (about 12 h). As a response to snack B, the fi nal ghrelin was signifi cantly lower with respect to the fi nal value recorded after the assumption of snack E (p < 0.01) ( • ▶ Fig. 2a ). The postprandial ghrelin suppression was proportional to the energy load of the snack food (p < 0.0001; R 2 = 0.73; energy load slope coefficient = − 0.158) since 3-h plasma ghrelin levels were negatively correlated to snack fat content (p < 0.0001; R 2 = 0.77; fat slope coeffi cient = − 2.114) ( • ▶ Fig. 3 ).
Satiety
All snacks (B, C, D, E, F, and G) showed a satiety score higher than glucose load (all snacks vs. glucose; p < 0.05) 180 min after assumption. Snacks B, D and G showed the highest fi nal satiety ratings. In particular, the fi nal score recorded after snack G intake was higher than those reported after C, E and F ingestion (p < 0.001), whereas the 3-h satiety scores of B and D were higher than those of C and F ( • ▶ Fig. 2b ). The fi nal satiety scores were Discussion ▼ This study found some variations in the ghrelin hormonal responses of healthy individuals after consumption of 6 diff erent snacks. Under isoglucidic conditions, the nutritional composition of the snack food appeared to be determinant in eliciting changes in the hormonal profi les. While there is evidence that the total ghrelin level is an indicator of appetite in humans, the eff ect of nutrient composition on its postprandial response is less clear. Diet nutrient composition does aff ect circulating ghrelin levels, as it has been reported many times [32] , but the extent to which postprandial ghrelin suppression occurs relative to distinct macronutrients is not univocal. Previous experiments were conducted with carbohydrate-rich test meals as high carbohydrate ingestion seems to exert stronger ghrelin-suppressing signals than other macronutrients. Moreover, a linear relationship between ghrelin decrease and carbohydrate content of a meal has been already recognized. In the current study, snack food with and equal amount of carbohydrates was administered in order to test whether other nutrients could predominantly mediate the circulating ghrelin postprandial fall. It has already been shown that fat and protein infl uence glucose and insulin responses [33, 34] , although other works have observed no relationship between postprandial ghrelin and plasma glucose or insulin [35, 36] . In those studies the lack of uniformity cast doubts on whether a specifi c nutritional factor of the meal rather than its induced metabolic response infl uenced postprandial ghrelin suppression. Here, the glucose Δ -AUCs produced by all snacks were not signifi cantly diff erent, whereas those induced by 50 g OGTT were the highest. Interestingly, the fat content inversely correlated with the plasma ghrelin levels reached 3 h after the ingestion of half of the snack food. Snack food B had a considerable amount of fat (37.5 / 100 g of product, • ▶ Table 2 ), possessed a high satiety score, and showed the lowest fi nal ghrelin levels.
Hunger and satiety ratings were not substantially diff erent among all snacks besides B, D, and G -those with a high fat content and also the most satisfying ones throughout the 3-h experiment. As a corollary to this, satiety scores were found to be associated with fat content, implying a satiating-eff ect of lipids in these snacks besides carbohydrates. Thus, unlike recent studies [37] , fat content rose as an important marker of satiety. This was not the sole variable determining ghrelin responses, which possibly resulted from a combination of diff erent nutrient contributions, instead. Likewise, the depth of postprandial ghrelin decline was related, in a dose-dependent manner, to the amount of fat in a snack food, when other major ghrelin-suppressing macronutrients, that is, carbohydrates were held constant. The equality of the means of 3-h plasma ghrelin concentration (continuous variables) in the 6 snacks (glucose was not considered) were tested using repeated measures ANOVA followed by the Newman-Keuls test for multiple pairwise comparisons. To assess whether there was evidence of a diff erence in the 3-h satiety score (an ordinal variable) among the 6 snacks, Friedman ' s rank test was performed followed by Dunn ' s test for multiple pairwise comparisons. * * p < 0.01; * * * p < 0.001.
As already ascertained elsewhere, the postprandial ghrelin decline was found proportional to the consumed calories: a robust inverse relationship was in fact observed between absolute plasma ghrelin levels and the caloric content of the meal. Given this, the energy density of the snack remains an issue for food industries committed in sorting out a healthy dietary regimen combined with a hedonistic lifestyle. As already stressed by many policy makers ' recommendations to limit the intake of excessive free calories, energy dense snacks should be carefully considered when looking for palatal pleasure. These fi ndings confi rm the involvement of ghrelin in the regulation of nutrient homeostasis: fi rstly, as a physiological meal-initiation signal, and secondly as a component participating in the complex interplay of counter-regulatory hormones released for energy balance. Ghrelin is of great importance in the recurrence of hunger and, as such, contributes to acute ingestive behaviors. Obviously, the view of this high-orectic activity hormone as a common denominator for the feeding drive cannot be conclusive. However, these data underline its feedback modulation of energy intake against negative energy balance. Moreover, leptin -which plays along with ghrelin a pivotal role in the peripheral feedback system controlling energy balance and food intake via modulation of satiety -was not measured [38] . The central mechanisms of ghrelin action were proved by studies in which the dose-dependent eff ects occurred more profoundly when ghrelin was administered centrally rather than peripherally: the signaling to the central nervous system (CNS) is switched on in times of starvation and when an energy-preserving state is coveted, that is, ghrelin signals the brain when energy must be stored and consumed. As such, the debated hormone is part of a molecular regulatory interface between metabolism and physiological processes regulated by the classical endocrine axes. Taken as a whole, these results indicate that ghrelin is a signal for energy needs. However, meal initiation may be driven not only by ghrelin but via other synergistic feeding-related mechanisms as well. This hormone ' s diversifi ed actions in the CNS and wholebody may be induced by external stimuli or, alternatively, by other neuropsychological hunger-associated factors. The diff erent composition of the snacks was probably responsible for various postprandial plasma ghrelin responses in this healthy population. The current study presents several important observations regarding the variability of nutritive components of the commercial snacks. This variability was well described by some snacks (B and F), which had a very small excursion of glycemia. In detail, snack B outlined a favorable glycemic profi le matching with a neatly suppressed plasma ghrelin concentration in the 3-h postabsorptive status. Paradoxically, this snack could not be detrimental if off ered to obese subjects or even diabetic patients.
In conclusion, which macronutrient could potentially infl uence postprandial ghrelin suppression induced by 6 isoglucidic snack meals was tested. The present fi ndings pointed at the fat content as a major factor triggering ghrelin decline after meal ingestion. In the presence of today ' s high palatable and abundant food supply in industrialized countries, snack food must be carefully considered according to their variable hormone-stimulating nutrient composition.
